1. Introduction
===============

Hepatolithiasis refers to calculi formed in the proximal part of the junction of the left and right hepatic duct within the liver, irrespective of the coexistence of gallstones in the common bile duct and/or gallbladder.^\[[@R1]\]^ It is common in East Asia (4%--52%), including China, South Korea, and Japan, but is rare in Western countries (0.6%--1.3%).^\[[@R2],[@R3]\]^ According to a previous census, the relative incidence of hepatolithiasis in China decreased from 16.1% in 1985 to 4.7% in 1992, but the number of patients with hepatolithiasis remains very large for the following reasons: First, previous treatments of hepatolithiasis had high residual and recurrence rates (30%--60%). ^\[[@R4],[@R5]\]^ Additionally, due to the improvement of medical and health conditions, an increasing number of patients with hepatolithiasis are diagnosed in early stages through health surveys. Furthermore, the population is increasing.

The confluence of the left hepatic duct and the common hepatic duct is usually an acute angle, and the right posterior segments are located at a lower position, which is likely to cause cholestasis. Therefore, the left and right posterior lobes of the liver are the most common sites of hepatolithiasis, and approximately 81% of hepatolithiasis occurs in the left side.^\[[@R6]\]^

Hepatolithiasis is localized in the early stage, but in the late stage, it may be diffusely distributed. This causes secondary biliary cirrhosis or even cholangiocarcinoma,^\[[@R7]\]^ which seriously affects patients' quality of life and imposes serious economic burdens on their families and society.^\[[@R8]\]^ Previous studies have shown that 2.0% to 12% of hepatolithiasis cases will progress to cholangiocarcinoma, a rate that is 20-fold higher than normal.^\[[@R9],[@R10]\]^ Bile duct obstruction, chronic cholangitis, and liver parenchymal damage are common pathologic features associated with hepatolithiasis. Moreover, the main manifestations of chronic cholangitis are thickening of the bile duct wall and hyperplasia of the glands, even following the removal of the stones. These changes cannot be reversed and are an important cause of stone recurrence; approximately 40% to 95.8% of hepatolithiasis cases are accompanied by biliary strictures.^\[[@R11]--[@R13]\]^ The treatment of hepatolithiasis has substantially changed; the ideal hepatolithiasis treatment method should aim to remove the lesion and obstruction and prevent the recurrence of stones.^\[[@R14]\]^ According to Otani et al,^\[[@R11]\]^ hepatolithiasis treated with hepatectomy could reduce the incidence of recurrence and stricture of the remaining bile duct.

Compared with open surgery, laparoscopic hepatectomy for hepatolithiasis has many advantages, including less trauma, faster postoperative recovery, and fewer complications.^\[[@R15],[@R16]\]^ Biliary tract exploration is traditionally performed through the CBD incision to find residual stones and potential lesions.^\[[@R17]\]^ After exploration, T-tube drainage is performed to prevent bile leakage and to remove residual stones.^\[[@R18]\]^ However, T-tube drainage often leads to bile loss, T-tube displacement, and infection at the T-tube site.^\[[@R19]\]^ These complications affect a patient\'s activity and quality of life and therefore contradict the concepts of rapid rehabilitation and minimal invasiveness.^\[[@R20],[@R21]\]^ For treatment of hepatolithiasis by LLH, the choledochoscope enters the biliary tract through the left hepatic duct (LHD) stump without choledochotomy. However, the efficacy and safety of biliary tract exploration through the LHD stump, specifically concerning the incidence of bile leakage and residual stones, requires further research.

2. Materials and methods
========================

This retrospective study was approved by the Ethics Committee of West China Hospital, Sichuan University, and was performed in accordance with the ethical guidelines of the Declaration of Helsinki. All the patients were informed of the advantages and disadvantages of the 2 methods and gave their informed consent prior to the operation. The surgical procedure was ultimately chosen by the patients.

2.1. Patients
-------------

The study was based on a retrospective review and analysis of the electronic medical records of 113 consecutive patients with LSH treated with LLH at West China Hospital from December 2008 to January 2016. There were 49 male and 64 female patients whose ages ranged from 21 to 73, with an average age of 45.8 ± 11.3 years. To analyze different methods of biliary tract exploration in LLH, 113 patients were divided into 2 groups: 41 patients underwent biliary tract exploration through the LHD stump (LHD group), and 72 patients underwent biliary tract exploration through CBD incision (CBD group). There was no significant difference in basic data between the 2 groups (Table [1](#T1){ref-type="table"}).
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Clinicopathological characteristics of the 113 LSH patients.
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The inclusion criteria were as follows: LSH with or without gallbladder stones, left caudate lobe or right hepatic duct stones in first order or second order; and liver function classified as Child--Pugh A or a 15-minute residual rate of indocyanine green (ICG R15) ≤ 10%. The exclusion criteria were as follows: biliary stricture present in any part of the biliary tract other than the LHD or right side hepatolithiasis combined with liver atrophy; an association with a malignant tumor; acute pancreatitis, cholangitis, or obstructive jaundice (TBIL ≥ 34 μmol/L) without remission; and abnormal cardiopulmonary function that could not tolerate LLH, and the patient was reluctant to undergo hepatectomy.

2.2. Preoperative assessment
----------------------------

Before surgery, color Doppler ultrasound, computed tomography (CT), or magnetic resonance cholangiopancreatography (MRCP), an examination was performed to determine the distribution of gallstones, liver lobe atrophy and cholangiocarcinoma. We then determined whether these were combined with bile duct stricture and aberrance. The diameter of the LHD was measured by color Doppler ultrasound. The shortcomings of endoscopic retrograde cholangiopancreatography (ERCP) include destroying the sphincter of Oddi, which leads to acute pancreatitis, gastrointestinal perforation and bleeding. Furthermore, this treatment is unable to remove stones from the intrahepatic bile duct; it is mainly used in the treatment of acute gallstone-related pancreatitis and obstructive jaundice. Liver function was evaluated based on the Child-Pugh classification system and/or the indocyanine green (ICG) clearance test.

2.3. Surgical treatment
-----------------------

An experienced laparoscopic surgeon (in a senior professional and technical position) performed the operations. Five holes were established in the abdominal wall with pneumoperitoneum pressure between 12 and 14 mm Hg. To control for the infusion speed during the hepatectomy, the central venous pressure (CVP) was maintained below 5 cmH~2~O. After inspection of the abdominal cavity and the liver, laparoscopic cholecystectomy was performed first. Then, the left hepatic artery and left portal vein were clipped and cut off sequentially. Next, the left hepatic ligaments (falciform ligament, left coronary ligament, and left triangular ligament) were freed, the middle hepatic vein (MHV) and stones were detected by laparoscopic ultrasonography (LUS), and hepatic parenchyma was transected using an ultrasound knife on the left side of the MHV. If the bleeding was obvious during hepatectomy, the intermittent Pringle maneuver (IPM, 15/5 min) was performed. The left hepatic duct was cut off at the proximal site of stenosis. An electronic choledochoscope (4.9 mm) was inserted via the left upper quadrant port through the LHD stump (Fig. [1](#F1){ref-type="fig"}A and B) or the CBD incision (Fig. [1](#F1){ref-type="fig"}C and D) into the biliary tract to observe the bile duct mucosa and sphincter of Oddi and to remove residual stones. The LHD stumps were sutured continuously by 4-0 Prolene after biliary tract exploration. Choledochotomy and T-tube insertion were not needed in the LHD group, and one drainage tube was placed beside the liver section. In the CBD group, choledochotomy was performed and a suitable T-tube was placed in the common bile duct after biliary tract exploration. Two drainage tubes were placed beside the liver section and the foramen of Winslow, respectively. To reduce the residual rate of stones, choledochoscopy was performed by 2 surgeons per patient and confirmed by LUS.

![Choledochoscope through the left hepatic duct (LHD) stump or the common bile duct (CBD) incision to explore the biliary tract. (A) Choledochoscope through the LHD stump to explore the biliary tract; (B) Schematic diagram of bile duct exploration and stone removal through the LHD stump; (C) Choledochoscope through the CBD incision to explore the biliary tract; (D) Schematic diagram of bile duct exploration and stone removal through the CBD incision. CBD = common bile duct, LHD = left hepatic duct.](medi-97-e13080-g002){#F1}

2.4. Postoperative care
-----------------------

If there was no bile leakage or infection, the drainage tubes were removed on the third day after surgery. In the CBD group, the T-tube was clamped on the seventh day after surgery, and biliary tract radiography was performed one month after the operation. If there were no residual stones or stenosis, the T-tube could be removed. If residual stones were found, they were removed by ERCP/endoscopic sphincterotomy (EST) in the LHD group and by choledochoscopy in the CBD group 2 months postoperation.

All patients received follow-up care in an outpatient clinic or by a telephone interview. Patients underwent color Doppler ultrasound examination and liver function testing 3 months after the operation. Thereafter, they were followed every 6 to 12 months, and MRCP or CT was performed if recurrent stones were suspected. Patients with a recurrence of stone or cholangitis were treated with either conservative treatment, ERCP/EST, laparoscopic surgery or open surgery based on the location of stones and the severity of symptoms.

2.5. Statistical analysis
-------------------------

All data were analyzed using SPSS statistical software for Windows (ver. 13.0; SPSS Inc., Chicago, IL). All data are presented as the mean (standard deviation) or number (% incidence). For continuous variables, Kolmogorov--Smirnov test and Shapiro--Wilk test were performed to check the distribution condition. For variables showing normal distribution, the Levene test of equality and Student\'s *t* test were used. For variables with an abnormal distribution, the Mann--Whitney *U* test was used. For categorical variables, chi-squared test and Fischer exact test were used. The patients were divided into the LHD group and the CBD group, and variables were compared using the Student\'s *t* test, Mann--Whitney *U* test, chi-square test, and Fischer exact test, as appropriate. *P*-values\<.05 were considered statistically significant.

3. Results
==========

3.1. Perioperative outcomes
---------------------------

Bile duct injury, liver failure, and unplanned reoperation did not occur in either group. T-tube insertion was performed in all patients of the CBD group. In the LHD group, 2 patients had large-sized CBD stones which could not be extracted through the LHD stump. Those patients received a choledochotomy, and CBD incision was primary sutured after biliary tract exploration. In these patients, bile leakage did not happen. Grade A bile leakage^\[[@R22]\]^ (leakage that has little or no impact on patients' clinical management) occurred in 2 and 3 patients in the LHD and CBD groups, respectively, and was cured with conservative treatment. There were no significant differences in the total operation time, bleeding volume, incidence of conversion and residual stones between the 2 groups (*P \> *.05) (Table [2](#T2){ref-type="table"}). The time of choledochoscopy in the LHD group was significantly longer than that in the CBD group (*P* \< .05) (Table [2](#T2){ref-type="table"}). The incidences of hypokalemia or hyponatremia and PHS were significantly lower in the LHD group than those in the CBD group (*P* \< .05) (Table [2](#T2){ref-type="table"}). In the CBD group, infection at the T-tube site occurred in 8 patients, and 2 patients suffered accidental displacement of the T-tube. In total, 13.9% of T-tube related procedures had complications (10/72) (Table [2](#T2){ref-type="table"}).
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Perioperative and Follow-up Outcomes of the 113 LSH Patients.
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3.2. Recurrence patterns and treatments
---------------------------------------

Unfortunately, 18 (15.9%) patients in this study were disqualified due to lack of follow-up. The follow-up time ranged from 26 to 84 months, with an average time of 37.2 ± 13.8 months. The clinical symptoms of all patients were significantly relieved. One patient in the LHD group experienced a recurrence of CBD stones 38 months after the operation that was cured with ERCP/EST. Two patients in the LHD group and one patient in the CBD group experienced recurrent cholangitis; however, the clinical symptoms were mild and were effectively controlled with oral antibiotics and hepatoprotective drugs. There were no significant differences between the 2 groups with respect to the recurrence rates of stones or cholangitis (*P \> *.05) (Table [2](#T2){ref-type="table"}). No cholangiocarcinomas were observed during follow-up.

4. Discussion
=============

LSH treatment with open left hemihepatectomy and biliary tract exploration through the LHD stump could simplify the operation procedure by avoiding choledochotomy and subsequent T-tube insertion. To this end, 90.1% of the patients avoided T-tube placement.^\[[@R23]\]^ Exploration the biliary tract through the LHD stump during laparoscopic surgery offers patients shorter operative duration and length of hospitalization.^\[[@R24],[@R25]\]^ However, more than half of the LSH patients in their study had undergone left lateral sectionectomy. Moreover, the authors did not indicate whether there was any difference between the left lateral sectionectomy and left hemihepatectomy in terms of biliary tract exploration through the LHD stump. Under ordinary circumstances, the diameter of the LHD stump is smaller and further away from the CBD when left lateral sectionectomy is performed. The biliary tracts of the left medial segment are difficult to explore through the LHD stump, which may increase the incidence of residual stones. Previous studies have indicated that the treatment of left-sided hepatolithiasis by left lateral sectionectomy has a high recurrence rate.^\[[@R6],[@R23]\]^ Left hemihepatectomy was performed routinely in our study, and the biliary tract was explored by choledochoscope through either CBD incision or LHD stump. We compared the efficacy of the 2 groups and confirmed that biliary tract exploration through the LHD stump had the advantages of reducing PHS and avoiding electrolyte disturbance due to bile loss.

Maging examinations are very important for patients with hepatolithiasis. The diameter of the LHD, distribution of calculi, and morphology of the liver should be carefully analyzed before surgery. Color ultrasound, enhanced CT and MRCP each have their own merits in the diagnosis of hepatobiliary disease.^\[[@R6],[@R26],[@R27]\]^ In our study, MRCP combined with color ultrasound or CT was often used to confirm the diameter of the LHD and the distribution of stones. Notably, intrahepatic or extrahepatic bile duct stones and vessels could be precisely localized by LUS,^\[[@R28],[@R29]\]^ and this technique could be used to guide the removal of stones and the cutting plane.

In 60% to 73.1% of patients with hepatolithiasis, stones are also present in the extrahepatic bile duct,^\[[@R10],[@R24]\]^ and the function of the sphincter of Oddi needs to be observed during surgery. Therefore, a thorough exploration of the biliary tree should be performed during laparoscopic hepatectomy to check for hepatolithiasis. Choledochotomy and T-tube insertion were needed.^\[[@R30],[@R31]\]^ The purpose of T-tube insertion is to decompress the biliary tract and remove residual stones. However, T-tube-related complications are relatively common, and 10% to 15% of patients may experience complications, such as fluid and electrolyte imbalance, bile leakage, infection at the T-tube site, and T-tube displacement.^\[[@R19],[@R32]--[@R35]\]^ The incidence of T-tube-related complications in the CBD group in this study (13.9%) was similar to that reported in previously published work. The proportion of T-tube-related complications is not reduced after changes in T-tube materials.^\[[@R36]\]^ However, the choledochoscope could enter the biliary tract through the LHD stump (as shown in the LHD group). After exploration, the LHD stump underwent primary closure, this avoiding choledochotomy and subsequent T-tube insertion (and therefore T-tube complications). Bile is rich in electrolytes and bile salts, which can inhibit the propagation of intestinal pathogenic bacteria and stimulate gastrointestinal peristalsis.^\[[@R37]--[@R39]\]^ With the loss of bile, electrolyte disturbance may occur, and the recovery of gastrointestinal function may be delayed. Therefore, exploration of the biliary tract through the LHD stump is beneficial to avoid the complications related to T-tube placement and bile loss, thus promoting quick patient recovery and reduction of PHS.

More patience and skill are needed when exploring the biliary tract through the LHD stump.^\[[@R23]\]^ The difficulty of stone extraction depends not only on the diameter of the LHD but also on the number and size of the CBD stones. The results of this study show that the biliary tract exploration time was significantly longer in the LHD group than in the CBD group, mainly because of differences in choledochoscopy habits and a longer stone removal path. However, there was no significant difference in total operation time because there was no need for T-tube placement in the LHD group.

For patients without T-tube placement, residual stones may require ERCP/EST or even reoperation, which increases the economic and mental burden on the patient and may cause them additional harm and may result in legal action. Consequently, patients should be fully informed of any surgical risk preoperation. Exploration of the biliary tract through the LHD stump when left lateral sectionectomy is conducted, the left medial segment duct may become a blind area. LSH treated with a left hemihepatectomy can reduce the blind area and reduce the possibility of residual stones. Measures to reduce residual stones also include assessing the distribution of stones according to the preoperative imaging data, performing LUS routinely, and exploring biliary tract with choledochoscope by 2 surgeons separately. Bile leakage is another problem that needs to be noticed when a T-tube is not placed. One study showed that T-tube insertion after anatomic hemihepatectomy did not reduce the incidence of bile leakage but may be effective for extended hemihepatectomy.^\[[@R19]\]^ Unskilled suturing and biliary obstruction are the main factors contributing to bile leakage.^\[[@R40],[@R41]\]^ In our study, there was no significant difference in the incidence of bile leakage between the 2 groups.

However, removal of stones from the LHD stump is not suitable for all patients. In patients with a narrow LHD and large stones in CBD, choledocholithotomy and T-tube drainage is recommended. Additionally, in patients with obvious sphincter edema and biliary tract infection, the T-tube is required to relieve biliary tract decompression and reduce the incidence of bile leakage.

In conclusion, selected LSH patients were treated with LLH and biliary tract exploration through the LHD stump. Combined with intraoperative choledochoscopy, LUS is safe and effective. This method avoids a series of complications resulting from choledochotomy and T-tube placement without increasing the incidence of bile leakage and residual stones. This method could reduce PHS and avoid electrolyte disturbance and reflects the superiority of minimally invasive techniques that lead to rapid rehabilitation. A prospective randomized controlled trial is being planned to further validate these results.
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